Increasing evidence for the role of histone modifying enzymes on non-histone substrates, including those in the cytoplasm, has been emerging in recent years. Some chromatin modifying proteins, such as the histone methyl transferase EZH2, compartmentalize to both the nucleus and cytoplasm; whereby EZH2 can methylate histones and actin, respectively.[@R1] Alternatively, the mammalian nuclear membrane, during mitosis, disintegrates and the structural boundary separating nuclear and cytoplasmic proteins breaks down. This allows nuclear proteins to diffuse into the cytoplasm and potentially catalyze non-nuclear substrates. Evidence suggests that the Gcn5 containing histone acetyl transferase complex ATAC controls mitotic progression through the modification on non-histone targets during mitosis.[@R2] And more recently, studies have shown that the HIPK2 kinase controls cytokinesis through the phosphorylation of histone H2B localized at the midbody, the site of cell abscission at the end of mitosis.[@R3] What these and other studies suggest is that coordination and crosstalk between the chromatin and cytoskeletal structures is much more intertwined than previously appreciated.

In a recent issue of *Cell Cycle*, we show that the histone ubiquitin ligase RNF8, which orchestrates the mammalian DNA damage response (DDR) following DNA double strand break (DSB) formation, also controls mitotic progression through the ubiquitylation of septins in cells[@R4] ([Fig. 1](#F1){ref-type="fig"}). Furthermore, we provide evidence that this novel role of RNF8 in mitosis is conserved from budding yeast to humans. On the contrary, support for a direct role of the yeast RNF8 orthologs Dma1 and Dma2 in the DDR or in histone ubiquitylation remains lacking. This is partly due to the compartmentalization of yeast Dma proteins to the cytoplasm,[@R5]^,^[@R6] and partly because Dma null yeast strains lack documented hypersensitivity to DNA damaging agents.[@R5] Our preliminary studies suggest that Dma1 and Dma2 double-null yeast strains are hypersensitive to the DNA damaging agents hydroxyurea and bleomycin but these have been attributed to a defect in Swe1 protein levels or efficiency of drug uptake (cells might be more permeable) and not necessarily to a defect in the DDR per se (Gravel S, unpublished). Since the phosphorylation of the histone variant H2AX and the subsequent recruitment of the MDC1 adaptor protein is required for mammalian RNF8 localization to DSB sites---and since these proteins have conserved homologs in yeast---it is possible that the lack of localization of yeast Dma proteins to the nucleus might be a critical hindrance from them acting on histones. This is especially pertinent because budding yeast cells, unlike higher eukaryotic cells, do not disintegrate their nuclear membrane during mitosis. In light of this, it would be interesting to see whether adding a nuclear localization signal to yeast Dma proteins could promote their activity on nucleosomes following DNA damage.

![**Figure 1.** Cartoon depicting the differential localization and function of RNF8 at nucleosomal and cytoskeletal higher order structures during interphase and mitosis, respectively.](cc-12-1161-g1){#F1}

Taken together, our study suggests that RNF8 may have originally arisen to mediate functions in mitosis and was only later co-opted to act on histones. Remarkably, in both the nucleus and cytoplasm, RNF8 seems to target proteins that form poly-octameric higher order structures ([Fig. 1](#F1){ref-type="fig"}). These are the histones, which constitute nucleosomes, and septins, which form cytoskeletal filaments. With their ability to form higher order chains, septins have been described as the "fourth component of the cytoskeleton."[@R7] Septin filaments have also been compared with nucleosomes not only because of their structural similarity but also due to their long half-life, heavy and reversible post-translational modifications, and their mode of inheritance during cell division.[@R8] It is worth noting that our work suggests that, in some particular cases, the "histone code" might have evolved to mimic post-translational modifications occurring in cytoskeletal structures rather than the other way around. It would be intriguing, in the future, to address such a possibility and ascertain whether RNF168, a ubiquitin E3 ligase that works in synergy with RNF8 during the DDR, can recognize and mediate subsequent septin ubiquitylation events during mitosis. More broadly, it will be interesting to determine whether and how nucleosomal and cytoskeletal post-translational modifications are coordinated, and what the functions for such coordination might be.
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